Abstract. Multi-walled carbon nanotubes/natural rubber (MWCNTs/NR) nanocomposites is formed by incorporating nanotubes in a polymer solution and subsequently evaporating the solvent. Using this technique, nanotubes will be dispersed homogeneously in the NR matrix in an attempt to increase the mechanical properties of these nanocomposites. Mechanical test results show an increase in the tensile strength for up to 19 times in relation to pure NR. In addition to mechanical testing, the morphology of the MWNTs into NR was studied by Field Emission Scanning Electron Microscopy (FESEM) in order to understand the morphology of the resulting system. Slight shift noted from FTIR and Raman analyses from each different wt. % of MWCNTs with the NR due to the stress transfer that indicates reinforcement of the nanotubes.
Introduction
Natural rubber (NR) is considered one of the most important biosynthesized polymers which have excellent chemical and physical properties, such as outstanding elasticity, flexibility, antivirus permeation, and good formability and biodegradability [1] . Apart from that, NR is widely used in various areas such as tyres, gloves, sport inner liner, sealing materials and dairy rubber item [2, 3] .
The raw NR is generally reinforced with fillers before being manufactured to products as the mechanical properties of raw NR including tensile strength and tear resistance in most cases cannot meet the requirements of applications. However, the reinforcement is not so effective for NR latex due to large dimension and agglomeration of these traditional reinforcing materials. Therefore, it is essential to exploit a new way to enhance the mechanical properties of rubber products.
Reinforcement of rubber compounds dates back to 1904 when carbon black was used as nano-fillers.
Also in present days carbon black is the principal reinforcement element for natural rubber, along with silica [4] [5] [6] [7] and clay nanoparticles [8] [9] [10] [11] . A huge amount of data is available on the topic, especially on the influence of surface treatment and morphology of the fillers on the reinforcing efficiency. Short fibers of various types have also been studied as reinforcing elements for elastomers [12] [13] [14] . The advantage of elongated, fibrous structures over the spherical ones has been emphasized, and the networking ability of natural fibers is particularly interesting for increasing the modulus at low filler content [15] [16] [17] .
MWCNTs have long been recognized as the stiffest and strongest man-made material known to date. In addition, their high electrical conductivity has roused interest in the area of electrical appliances and communication related applications. However, due to their miniscule size, the excellent properties of these nanostructures can only be exploited if they are homogeneously embedded into light-weight matrices as those offered by a whole series of engineering polymers.
MWCNTs have become a potential candidate for a wide range of application such as electronics, nanocomposite fabrication and gas storage [18] [19] [20] ever since the discovery by Iijima [21] .
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Compared with other nano-fillers, MWCNTs as an ideal reinforcing filler that are expected to provide a better enhancement effect in polymer nanocomposites, due to their inherent superior properties [22] . Consequently, MWCNTs have been widely exploited in different polymers. Due to very good intrinsic mechanical properties, high aspect ratio, low density, and high surface area, MWCNTs seem to be ideal candidate for the application as fillers in polymer matrices [23] .
Most efforts have dealt with glassy matrices, such as polyvinyl alcohol, polymethyl methacrylate, epoxy, etc, where significant level of reinforcement has been achieved [23] . By contrast, there are few reports on using MWCNTs as reinforcing fillers in rubber matrices, although the first attempted showed that MWCNTs are very promising for this application [24] .Little work has been done in the field of rubber reinforcement with MWCNTs due to their poor compatibility with NR phase. However, the improvement of MWCNTs dispersion in the polymeric matrix by forming oxygen functional groups on nanotubes surface via chemical modification plays an important role in reinforcing polymers [25] [26] [27] .
In our previous work, we developed a novel process that incorporates the latex compounding and self-assembly techniques to prepare carboxylated MWCNTs with NR dispersed with sodium dodecyl sulfate [28] . It was found that the chemical and physical properties of these nanocomposites, compared with the polymer host, were significantly enhanced. In the present work, MWCNTs/NR nanocomposites will be formed by incorporating MWCNTs in a polymer solution and subsequently evaporating the solvent leading to the successful introduction of a novel self-assembly process for the preparation of MWCNTs/NRnanocomposites. The self-assembly mechanism between MWCNTs will be dispersed homogeneously in the NR matrix in an attempt to increase the mechanical properties of these nanocomposites. The impacts of MWCNTs/NR nanocomposite on the morphology and mechanical properties of the composites such as tensile strength were investigated.
Methodology
Materials. As produced MWCNTs were purchased from Shenzen Nanotech (China). The samples were synthesized by thermal chemical vapor decomposition of hydrocarbon gases and were advertised as having 10-20 nm diameter, 5-15 µm length, and 95% purity.Standard Malaysian Rubberlatex grade(SMR L)was used as the NR. The technical specification [29, 30] of the NR is given in Table 1 . Mooney viscosity, ML,1+4 (100°C) 78
The molecular structure of SMR L was given in Fig. 1 . It is a repeating unit of isoprene monomer to form cis-1,4polyisoprene. MWCNTs/NR nanocomposite films and the films were used for further characterization studies.
Results and Discussion
Surface Morphology of MWCNTs/NR nanocomposites. The surface morphology of MWCNTs in the NR was characterized by using Field Emission Scanning Electron Microscopy (FESEM). Fig. 2 showed the lower magnification images whereas Fig. 3 showed the higher magnification images of FESEM. Nano Hybrids Vol. 1 87
The dispersion of the MWCNTs into the toluene was carried out by using ultrasonic frequency vibration and mixing of MWCNTs in the NR matrix by mechanical stirring. The distance between the MWCNTs in the matrix was wide and that makes them well oriented with little interface interaction between them. The size of the MWCNTs in the FESEM shows variationin terms of length, which can be either short or long. Fig. 3 (b and c) shows the images of 1 and 3 wt. % where the orientations of the MWCNTs in the rubber matrix had become less oriented and more random. Fig. 3d and f) , the distribution of the MWCNTs were less homogeneous compared to others.
Besides areas with agglomerated parts one can also observe finely distributed tubes. The arrangement of MWNTs in the rubber matrix is vital because it plays a very important role in the stress and strain of the matrix. Apart from that, it will also affect the mechanical properties.
Spectroscopic investigations.
Since the mechanical properties of the nanocomposites are intimately related to the filler structure and especially to the tube surface, techniques able to bring information at a molecular level are required for a further insight into the structure or property correlation.
Interactions between the nanotube bundles and the matrix were required for an efficient stress transfer from the NR matrix to the MWCNTs. Generally, the increased level of tensile was due to the interaction between the MWCNTs and the rubber. A good interface between the MWCNTs and the rubber is very important for a material to withstand the stress. As described above MWCNTs are extremely strong materials compared to other types of fillers, thus making them good candidates as nanofillers. Under load, the matrix distributes the force to the MWCNTs which carry most of the applied load.
Effect of Tensile Stress on
Nano Hybrids Vol. 1 89 transfer from the matrix to the nanotubes and hence indicates reinforcement of the MWCNTs in the rubber matrix. The G' band will shifts to a lower wavenumber upon application of a tensile stress on composites based on epoxy resins and single or MWCNTs [35] . Nevertheless, the rates of band shift were found to differ for all the samples probably due to poor dispersion and lower aspect ratio were invoked to account for smaller shift rate.
Summary
In 
